Background: This study aimed to compare the therapeutic effectiveness including progression-free survival (PFS), overall survival (OS), and safety of conventional transarterial chemoembolization (cTACE) and drug-eluting bead transarterial chemoembolization (DEB-TACE) in a superselective fashion for the patients with nodular hepatocellular carcinoma (HCC) (n ⩽ 5) and Child-Pugh class A. Methods: A total of 198 consecutive patients with nodular HCCs (n ⩽ 5) and Child-Pugh class A liver function who were initially treated with cTACE (n = 125) or DEB-TACE (n = 57) were included retrospectively. The primary endpoint was PFS. Secondary endpoints included timeto-target lesion progression (TTTLP), OS, and safety. Results: The median follow up was 62 months (range, 1-87 months). The PFS was significantly longer in the cTACE group than in the DEB-TACE group (median, 18 months versus 7 months; hazard ratio [HR] = 0.658, log-rank p = 0.031), whereas OS was comparable (log-rank p = 0.299). TTTLP was significantly longer in the cTACE group than in the DEB-TACE group (median, 34 months versus 11 months; log-rank p < 0.001). In the stratification analysis based on tumor size, the cTACE group showed significantly longer TTTLP than the DEB-TACE group in the 1.0-2.0 cm and 2.1-3.0 cm subgroups (HR = 0.188, log-rank p < 0.001 and HR = 0.410, p = 0.015, respectively) but not in the 3.1-5.0 cm and 5.1-10.0 cm subgroups (all p > 0.05). Postembolization syndrome occurred more frequently in the cTACE group than in the DEB-TACE group (p = 0.006). Conclusions: DEB-TACE is followed by significantly shorter PFS than cTACE in patients with nodular HCCs (n ⩽ 5) and Child-Pugh class A, although OS is comparable. Postembolization syndrome occurs more frequently in cTACE than in DEB-TACE.
Introduction
Since chemoembolization using iodized oil-based regimens was introduced in the 1980s, much evidence of its effectiveness and safety for the treatment of hepatocellular carcinoma (HCC) has been shown. 1 Currently, international guidelines recommend transarterial chemoembolization (TACE) for patients with HCC who are unsuitable for potentially curative treatments; [2] [3] [4] in real-world practice, TACE is more widely used than guidelines recommend. 5 To improve local tumor control and clinical outcomes, TACE should be performed as selectively as possible through tumor-feeding arteries. [6] [7] [8] Owing to technical advances in flat panel detector and conebeam computed tomography (CBCT), real-time fluoroscopy, digital subtraction angiography, and tomographic images can be acquired in a single angiography unit. 9 CBCT provides additional information on the tumor and its feeding arteries, which can be helpful in treatment planning and navigation for superselective TACE. 10, 11 Because conventional TACE (cTACE) uses iodized oil emulsion mixed with anticancer drug, its pharmacokinetics have disadvantages. 12, 13 Some portion of chemotherapeutic agents can be released into the systemic circulation, so may cause systemic side effects. 14 To overcome this, drug-eluting bead (DEB) TACE has been used to enhance sustained and tumor-selective drug delivery. 12, 15 In the PRECISION V study, the first such randomized trial at European centers, DEB-TACE failed to achieve superior overall survival (OS) compared with cTACE. 16 However, DEB-TACE provides a better safety profile than cTACE, but only for patients with more advanced liver disease. 17 Among the whole study population, DEB-TACE only differed significantly from cTACE in less hair loss in the DEB-TACE group, most likely due to lower peak concentrations of doxorubicin. Subsequent studies were conducted, but a superiority of DEB-TACE over cTACE has not yet been clearly established. 18, 19 Conflicting results of several meta-analyses suggest that controversy about this issue remains. [20] [21] [22] Recently, the European Association for the Study of the Liver stated that, presently, evidence is insufficient to recommend one TACE technique over another. 4 Moreover, selective TACE with CBCT was not performed in most previous studies. Thus, reevaluation of the effectiveness of cTACE versus DEB-TACE is warranted in the era of superselective TACE with CBCT to determine which group of patients will benefit most from either cTACE or DEB-TACE.
The purpose of this study was to compare how TACE and DEB-TACE, both performed superselectively using CBCT, affect progressionfree survival (PFS), OS, and safety for patients with nodular HCC (n ⩽ 5) and Child-Pugh class A liver function.
Materials and methods

Patients
This study included consecutive patients who underwent CBCT-guided superselective cTACE or DEB-TACE as their initial treatment for nodular HCCs (tumor number ⩽5) without vascular invasion or metastasis, between January 2011 and April 2013 at a single tertiary medical center (Seoul National University Hospital, Seoul, Korea). The diagnosis of HCC was based either on histological findings or on the American Association for the Study of Liver Diseases (AASLD) noninvasive criteria. 2 During the study period, DEB-TACE was more expensive than cTACE in our country because national health insurance covered cTACE but not DEB-TACE. Therefore, based on the results of previous studies, we explained the potential advantages (i.e. less postembolization syndrome) and disadvantages (i.e. high cost in spite of similar effectiveness) of DEB-TACE compared with cTACE to the patients before treatment and let them choose between these two options.
Exclusion criteria were (i) HCC initially presented as a ruptured HCC, (ii) hepatic dysfunction classified as a Child-Pugh class B or C, (iii) age <20 or >80 years, (iv) current or previous malignancies other than HCC, and (v) other severe comorbidities such as end-stage renal disease or biliary tract disease. Patients who underwent another anticancer treatment in combination with cTACE or DEB-TACE within a week without follow-up imaging study were regarded as combination therapy, considered as a different treatment modality.
During the study period, among 859 patients who were initially treated with chemoembolization, 335 patients met the inclusion criteria. According to the exclusion criteria, 124 patients were excluded. After reviewing radiological images, 13 patients did not have typical enhancing nodules that met imaging diagnosis criteria of HCC. 2 Finally, 182 patients were included in this study: 125 patients in the cTACE group and 57 patients in the DEB-TACE group (Figure 1 ). Baseline characteristics of the study population were investigated. HCC stages were evaluated according to the modified Union for International Cancer Control (mUICC) and the Barcelona Clinic Liver Cancer (BCLC) staging systems. 2, 23 Portal hypertension was defined as varices on endoscopy or CT image, ascites requiring diuretic treatment, or journals.sagepub.com/home/tam 3 splenomegaly (⩾12 cm) with thrombocytopenia (<100,000/mm 3 ). 24 The study conformed to the ethical guidelines of the World Medical Association Declaration of Helsinki and was approved by the Institutional Review Board of Seoul National University Hospital (No. 1606-132-772). The requirement for written informed consent from patients was waived by the Institutional Review Board because clinical data were analyzed anonymously in this study.
TACE procedure and follow up CBCT-guided superselective TACE was performed by two radiologists (J.W.C. and H.C.K.) with >10 years of experience in interventional oncology. Based on CBCT images, obtained using the protocol described previously (see the Supplemental Material), 25 TACE was performed as selectively as possible through tumor-feeding arteries by using a microcatheter with a 2.0-F tip (Progreat Alpha; Terumo, Tokyo, Japan).
In cTACE, an emulsion of 2-10 ml of iodized oil (Lipiodol; Guerbet, Roissy, France) and 10-50 mg doxorubicin hydrochloride powder (Adriamycin RDF; Ildong Pharmaceutical Co., Seoul, Korea), depending on the tumor burden, dissolved in iodinated contrast agents in a 4:1 (iodized oils:doxorubicin solution) volume ratio, was slowly infused until it covered all tumors or an oily portogram appeared around the tumors.
Additional embolization was performed with gelatin sponge particles until near-stasis of arterial flow.
In DEB-TACE, one vial of DEB agent (DC Bead; Biocompatibles UK, Farnham, UK) was loaded with 50-70 mg of doxorubicin for 2 hours, and the preparation was suspended in 50 ml of a mixture of normal saline and iodinated contrast agent prepared at a 1:1 ratio. One or two vials of DEB agent were used, 100-300 μm DEB agent was used in every patient; an additional 300-500 μm DEB agent was used in five patients with large tumors. DEB agent was slowly infused through tumor-feeding arteries until near-stasis of arterial flow. If blood pools remained with a disappearance of tumor stain, gelatin sponge particles were used.
An initial follow-up dynamic CT or MRI with gadoxetic acid disodium (Primovist; Schering Pharma, Berlin, Germany) enhancement was performed 1-3 months after the treatment, and follow-up imaging interval was 2-4 months. Complete blood count, liver biochemical tests, tumor markers such as alfa-fetoprotein (AFP) or PIVKA-II, and serum creatinine were also measured. The imaging interval was based on the clinical situation such as tumor staining during TACE, changes in serum tumor markers, and patient's general condition. In patients with complete response (CR), the follow-up interval was increased to up to 4 months. Further treatments were dependent on clinical evaluation, laboratory findings, and imaging response. Additional treatment that was received after tumor recurrence were reviewed and recorded.
Endpoints and assessments
The tumors were allocated to the target lesion and the nontarget lesion, and tumor response was assessed using the modified Response Evaluation Criteria in Solid Tumors (mRECIST) using radiological imaging by three interventional radiologists (see the Supplemental Material). 26 Index dates were set as the date of the first transarterial treatment (either cTACE or DEB-TACE). The primary endpoint was PFS. PFS was measured from the index date to the first tumor progression, to death from any cause, or censored date. Secondary endpoints included time-to-target lesion progression (TTTLP) in per-lesion analysis, OS, and safety in per-patient analysis. TTTLP was measured from the index date to the first local tumor progression of the target lesion. OS was measured from the index date to any cause of death. In the assessment of PFS and OS, survival time was censored at the date of performing liver transplantation or at the date of last follow up in patients whose survival status could not be confirmed in the database of the national health care system. Time-to-local progression (TTLP) and time-to-progression were also analyzed (see the supplemental material).
To evaluate local tumor control of each tumor, related to the tumor size, per-lesion analysis was also performed for relevant lesions treated by TACE. Tumor response was categorized as CR, partial response (PR), stable disease (SD), and progressive disease (PD) based on the diameter change of the viable portions, and TTTLP was calculated. For subgroup analysis based on the tumor size, target lesions were categorized into 1.0-2.0, 2.1-3.0, 3.1-5.0, and 5.1-10.0 cm according to maximal tumor diameter.
Adverse event and laboratory test assessments were based on the Common Terminology Criteria for Adverse Events, version 5.0. 27 All adverse events considered to be related to the procedure were analyzed, and postembolization syndrome was clinically diagnosed during the postprocedural hospital stay. 28 Serious adverse events were defined as any event resulting in death, any life-threatening consequences, persistent or significant disability or incapacity, unscheduled hospital visit, or prolongation of hospitalization. Prolongation of hospitalization was defined as lasting more than 7 days. Results of laboratory tests performed 1 month after the treatment were compared between the two groups. To assess liver and biliary injuries, medical records and follow-up imaging studies were reviewed for bile duct dilatation, significant bile duct injury, liver abscess, and biloma. Significant bile duct injury was defined as prominent bile duct dilatation that was wider than segmental distribution.
Statistical analysis
Categorical variables were reported as counts and percentages, and continuous variables were reported as means and standard deviations. The patients were characterized by demographic and clinical variables, and comparisons between the two groups were performed by using the Fisher's exact test, chi-squared test, or Student's t test. Initial, 6-month, 1-year, 2-year, 3-year, 4-year, and 5-year overall tumor responses were assessed. Survival and recurrence were plotted using the Kaplan-Meier method and compared using the log-rank test. Treatment effects between the two groups were compared using univariable analysis and multivariable Cox proportional hazard models. The latter was adjusted for potential prognostic factors defined as variables with p < 0.2 in univariable analysis. A two-tailed p value of <0.05 was considered statistically significant. All statistical analyses were performed by using SPSS version 18.0 (SPSS, Inc., IBM, Chicago, IL).
Results
Baseline characteristics
The baseline characteristics of the study population and the target lesions are summarized in Tables 1 and 2 . The most common etiology of underlying liver disease was chronic hepatitis B, and >80% of patients had stage II or III HCCs according to the mUICC. Among the whole study population, 134 of 182 (73.6%) had at least one tumor smaller than 3 cm. Baseline patient and tumor characteristics did not differ significantly between the cTACE and DEB-TACE groups although the DEB-TACE group tended to have slightly larger tumors.
Tumor response
The tumor response is summarized in Table 3 . In the follow-up period, CR occurred more frequently (Table 4 ). In addition, in a subgroup of BCLC stage B HCC, which is an original indication for TACE according to BCLC treatment algorithm, PFS was significantly longer in the cTACE group than in the DEB-TACE group (HR = 0.290, 95% CI = 0.133-0.628, log-rank p = 0.001) (Supplementary Figure 1) .
TTTLP and subgroup analysis of the target lesions
TTTLP was significantly longer in the cTACE group than in the DEB-TACE groups (log-rank p = 0.029) (Figure 3(a) ). Median TTTLP was 12 months in the DEB-TACE group, but was not reached in the cTACE group. In the stratified subgroup analysis based on tumor size, the cTACE group had significantly longer TTTLP than the DEB-TACE group among the 1.0-2.0 cm (HR, 0.188; 95% CI, 0.096-0.367; logrank p < 0.001) and 2.1-3.0 cm subgroups (HR, 0.410; 95% CI, 0.193-0.870; log-rank p = 0.015), but not among the 3.1-5.0 cm and 5.1-10.0 cm subgroups ( Figure 3 ). In the cTACE group, as expected, target lesion progression became longer with increasing tumor size. Surprisingly, however, the DEB-TACE group had significantly shorter TTTLP in the 1.0-2.0 cm tumors than in the 2.1-5.0 cm tumors (log-rank p = 0.036) (Figure 3(f) ).
OS
During follow up, 37 patients (29.6%) in the cTACE group and 17 (29.8%) in the DEB-TACE group died. OS was not significantly different between the cTACE and DEB-TACE groups (HR 0.725, 95% CI 0.394-1.335, logrank p = 0.299) (Figure 2(b) ). The cumulative survival rates at years 1, 2, 3, and 5 were 100%, 97.4%, 89.6%, and 74.5% in the cTACE group and 98.2%, 85.1%, 73.8%, and 70.0% in the DEB-TACE group, respectively. 
Safety
Incidence of adverse events is summarized in Table 5 . Postembolization syndrome occurred more frequently in the cTACE group than in the DEB-TACE group (p = 0.006). The most common symptoms in the cTACE group were abdominal pain, followed by nausea, fever, and vomiting. The patients in the cTACE group remained hospitalized for 0.8 days longer (mean) than the DEB-TACE group (p = 0.001). All patients in the DEB-TACE group were discharged the day after the treatment, but 62 (49.6%) patients in the cTACE group stayed a few more days. Five (4.0%) patients in the cTACE group experienced prolonged hospitalization, longer than 7 days. Unscheduled hospital visits were also more frequent in the cTACE group (p = 0.024).
At 1 month after the treatment, Child-Pugh score and laboratory toxicity categories did not differ significantly between the two groups. Although bile duct dilatation occurred more frequently in the DEB-TACE group, the development of significant bile duct injury, biloma, or liver abscess did not differ significantly between the two groups.
Discussion
In this study, cTACE was followed by significantly longer PFS than DEB-TACE after treatment for nodular HCCs (n ⩽ 5). The cTACE was followed by significantly longer time until both local tumor progression and overall progression than was DEB-TACE, although OS did not differ by type of TACE. The longer PFS of cTACE was attributed to the fact that cTACE was followed by significantly better tumor control for HCC with maximal tumor size less than 3.0 cm than was DEB-TACE.
The better local tumor response of cTACE for small HCC can be explained by the physical properties of the lipiodol-based emulsion. It can pass through fine tumor-feeding arteries, reach tumor vessels, penetrate deeply into the tumor capsule, and accumulate in the peritumoral portal vein through presinusoidal arterioportal communication or tumor drainage route. [29] [30] [31] With cTACE, local tumor recurrence was reportedly lower when more portal veins were visualized during the procedure. 32 The diameter of a tumorfeeding artery is significantly correlated with tumor size. 33 Feeding arteries of small tumors are not hypertrophied yet, and dominant arterial flow to the tumor is not yet sufficiently developed. Moreover, portal venous supply remains in the early stage of hepatocarcinogenesis. 34 In cTACE, because CBCT can identify small tumors and fine tumor-feeding arteries better than conventional angiography, intratumoral vessels and peritumoral portal veins can be filled with a sufficient amount of lipiodol emulsion by using a superselective approach, which can induce complete tumor necrosis. 35 This study demonstrated that the therapeutic effect of cTACE was better in smaller HCCs, which met the usual expectation for locoregional treatment.
In contrast, this study demonstrated that DEB-TACE was followed by significantly worse tumor response for smaller HCCs (1.0-2.0 cm) than for larger HCCs (2.1-5.0 cm), which was not expected. The impaired tumor response of DEB-TACE for small HCCs might be explained by the inherent disadvantage of particulate embolic material, which cannot pass through vessels smaller than the DEBs used and cannot manage portal venous supply to the tumor. In a catheter-assisted CT angiography study, smaller tumors had smaller feeding arteries and the main tumor-feeding artery was frequently smaller than 0.2 mm in diameter when the tumor was smaller than 3 cm in size. 33 In small HCCs, 100-300 μm DEBs may not penetrate into intratumoral vessels in sufficient quantities despite performing selective TACE. A previous study reported that the median diameter of vessels occluded by DEB was 208 μm, and just 42% of the occluded vessels were located inside the tumor when DEB-TACE was performed for 3.9 cm tumors with 100-300 μm DEBs. 36 Recently, chemoembolization with small calibrated microspheres less than 100 μm was introduced. 37, 38 Smaller DEB may increase local tumor response by overcoming disadvantage of larger DEB, but it may also increase the risk of ischemic injury owing to closely related adverse events, such as postembolization syndrome and biliary complication. A well-designed prospective study is warranted to determine whether smaller DEB can improve therapeutic outcomes for small HCCs.
As reported by previous studies, our study also found that long-term OS did not differ significantly between the two groups, however, cTACE was superior to DEB-TACE in local tumor response especially for small tumors. The present study involved only patients with good liver function without any other severe chronic comorbidity. Furthermore, additional active treatment was administered after tumor recurrence using multidisciplinary approaches. As a result, 5-year OS exceeded 70% in both groups, which was much higher than is usually expected. 34 Thus, the number of deaths may have limited statistical power to detect a statistical difference. However, it is noteworthy that the risk of death was 27.5% lower in the cTACE group; hence, further long-term follow up is warranted.
Postembolization syndrome occurred more frequently in the cTACE group than in the DEB-TACE group; this, probably explains their longer hospital stays and more frequent unscheduled hospital visits. A possible mechanism for this difference follows. The liver capsule is covered with fine capsular arterial plexus that is a potential collateral pathway between the isolated hepatic artery and extrahepatic collateral artery. 39 This hepatic capsular plexus can be filled with lipiodolbased emulsion because it can penetrate more deeply than DEBs, which can cause severe ischemic pain and hepatic capsular irritation. Notably, nerve fibers that sense pain are present in the liver capsule, but not in the liver parenchyma.
According to previous studies, DEB-TACE provides a better safety profile than cTACE in advanced patients, 17 but this difference was more frequently related to biliary injury. 40 However, in the present study, at 1 month after chemoembolization, hepatotoxicity did not differ significantly between the two groups. Although minimal bile duct dilatation occurred more frequently in the DEB-TACE group, clinically significant biliary injury, biloma formation, and liver infarction were not more frequent in the DEB-TACE group. This was probably because the treated area was well restricted by the superselective approach used in this study. Performing chemoembolization using a superselective approach may have a greater effect on decreasing hepatic and biliary complications than the choice of cTACE or DEB-TACE.
In summary, cTACE and DEB-TACE can be used appropriately, that is selectively and strategically, depending on clinical situation to maximize the advantage of each strategy. For an example, staged treatment using DEB-TACE followed by cTACE can be useful strategy for elderly patients with multiple HCCs (maximum diameter >5 cm): DEB-TACE could be initially performed to control large main tumors, which could shorten the time to next treatment due to less-severe postembolization syndrome. Then, as a second treatment, cTACE can be performed for residual lesions including multiple small tumors to enhance effectiveness of treatment.
This study had a few limitations. First, considerable selection bias was inevitable in this study because of its retrospective nature, its nonrandomized design, and inclusion of only patients with Child-Pugh class A liver function. Performing propensity score matching owing to the small number of patients was impossible due to the many variables and the significant data loss that matching would entrail. However, some bias should have been resolved by the multivariable Cox regression analysis. Further well-designed prospective studies are warranted to confirm the results of this study. Second, among the whole study population, 122 of 182 (67.0%) underwent additional treatment for recurrent HCC after the first TACE. This potential bias should be considered in the interpretation of OS. Therefore, PFS, rather than OS, was selected as a primary endpoint in this study. Third, radiological images were also retrospectively reviewed for the assessment of tumor response. When tumor recurrence was detected, tracing back to previous follow-up images was performed to determine when tumor recurrence began. This process made TTP in this study shorter in many cases than the actual time point when additional treatment was begun. However, all the images were reviewed again by three independent radiologists; consequently, the risk of interpretation bias should have been minimized. Last, treatment modalities (cTACE versus DEB-TACE) might have affected the early detection of local tumor recurrence on CT imaging follow up.
Highly attenuated lipiodol accumulation could create artifacts around the tumor on CT images that might have delayed the detection of local tumor progression in the cTACE group. However, it could not change the outcome of this study because the cumulative probability of local recurrence in the cTACE group remained significantly lower than in the DEB-TACE group even at 5-year follow up.
In conclusion, DEB-TACE is followed by significantly shorter PFS than cTACE in patients with nodular HCCs (n ⩽ 5) and Child-Pugh class A liver function, although OS is comparable. Postembolization syndrome occurs more frequently in the cTACE group than in the DEB-TACE group.
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